New time-series VI CCD photometry of the globular cluster NGC 6362 is studied with the aim of estimating the reddening, mean metallicity and distance of the cluster from its population of RR Lyrae stars. The Fourier decomposition of carefully selected single-mode RR Lyrae light curves, and the use of well-established semi-empirical calibrations and revised zero points, lead to the values of [Fe/H] UV ES −1.066 ± 0.126 and −1.08 ± 0.16 and the distance 7.93 ± 0.32 and 8.02 ± 0.15 kpc from the RRab and RRc stars respectively. The distribution of RR Lyrae stars in the horizontal branch shows a neat segregation of pulsating modes about the red edge of the first overtone instability strip, which is not necessarily expected in an OoI type cluster like NGC 6362. Four RRab stars are found likely advanced in their evolution towards the AGB. One new foreground SX Phe star, some 4 kpc in front of the cluster and projected onto the field of our images is reported. We comment on the heavy light contamination, by a very close neighbouring star, of the peculiar double-mode V37 variable, recently postulated as a non-typical RRc variable.
Introduction
The southern globular cluster NGC 6362 (C1726−670 in the IAU nomenclature), located at α = 17 h 31 m 55.0 s , δ = −67
• 02 52 (J2000), l = 325.
• 55, b = −17.
• 57, is at the relatively low distance from the Sun of 7.6 kpc, has a low reddening E(B − V) = 0.09, and has a low concentration (c = 1.09, ρ 0 = 2.29) (Harris 1996) . It is also worth mentioning that recently Dalessandro et al. (2014) , based on HST observations, have identified two different, spatially mixed populations in the cluster, apparent in the subgiant and red giant branches in the U vs. (U − B) diagram (their Fig. 4) . Dalessandro et al. (2014) also claim that NGC 6362 is one of the least massive globulars (M tot ∼ 5 × 10 4 M ) where multiple populations have been detected so far.
Given its distance, the cluster is bright, with a horizontal branch at V ∼ 15 mag, and consequently the discovery of its variable stars began early. The first 15 variables were found by Woods & Bailey (1919) on plates taken with the 13-inch Boyden telescope at Arequipa, Peru. Much later, van Agt (1961) published the discovery of variables V16 to V31 on plates obtained by P. Th. Oosterhoff from South between 1995 and 2009 in the field of NGC 6362 also with the du Pont and Swope telescopes at Las Campanas; they found 25 newly detected variable stars (V53-77), including 18 proper-motion cluster members. Kałużny et al. (2014) provide identification charts and RA and Dec coordinates, although M. Rozyczka (private comm.) pointed out that the coordinates of V42, 45, 49, 53-58, 60, 63, and 75-77 are incorrect in Table 1 of their paper. A new set of high quality data obtained between 1999 and 2009 was recently employed by Smolec et al. (2017) (hereinafter Smo17) , to discuss the Blazhko and double mode nature of the sample of RRab and RRc stars. With the observations reported in the present work, there is a time base of almost a century of variable star studies in NGC 6362.
As in most of our recent papers we have employed the DanDIA 1 implementation of difference image analysis (DIA) (Bramich 2008) to extract high-precision photometry for all of the point sources in the field of NGC 6362. We collected 12245 light curves in the V and I bandpasses with the aim of building up a colour-magnitude diagram (CMD) and discussing the horizontal branch (HB) structure as compared to other Oosterhoff type I (OoI) and Oosterhoff type II (OoII) clusters 2 . We also Fourier decomposed the light curves of the RR Lyrae stars (RRL) to calculate their metallicity and luminosity in order to provide independent and homogeneous estimates of the cluster mean metallicity and distance.
The scheme of the paper is as follows: In § 2 we describe the observations, data reduction and calibration to the standard system. In § 3 the periods and phased light curves of RRL stars are displayed and the Fourier light curve decomposition of stable RRL is described and the reddening is estimated. The corresponding individual values of [Fe/H] and M V are reported. § 4 summarizes some properties of the SX Phe population in the cluster and reports a newly found foreground SX Phe variable. In § 5 we report the distance to the cluster obtained from the Fourier decomposition of RRL stars light curves and the P-L relation of the SX Phe stars. § 6 deals with the discussion of the distribution of RRL in the HB. § 7 offers a summary of the results. Appendix A gives the discussion of a few peculiar stars and in Appendix B we display a detailed finding chart of all variables in the field of NGC 6362.
Observations
The observations of this cluster were performed in three sites. First, the Complejo Astronomico El Leoncito (CASLEO), San Juan, Argentina, where the 2.15-m telescope was used on March 20-22, 2013. The detector was Fig. 1 The transformation relation for V and I for the three sets of data: from top to bottom; CASLEO, SWOPE and Bosque Alegre. Note that data from Bosque Alegre have the largest colour dependence. The transformation equations are given in each panel. 
Difference image analysis
As in previous papers we employed the difference image analysis (DIA) technique and the DanDIA pipeline (Bramich (2008) ; Bramich et al. (2013) ) to extract highprecision photometry of all point sources in the images of NGC 6362. The procedure and its caveats have been described in detail by Bramich et al. (2011) .
Photometric calibrations

Relative calibration
Systematic errors in photometric data may be so severe that they mimic bona fide stellar variability. Time-series photometry of a set of non-variable objects may be used to calculate and correct these systematic errors. We have applied the methodology developed by Bramich & Freudling (2012) to solve for magnitude offsets Z k that should be applied to each photometric measurement from image k.
Absolute calibration
The transformation to the standard VI system was performed using the local standards in the FoV from the collection of Stetson (2000) 3 . The calibrations for the three telescopes are shown in Fig. 1 . The transformation equations to the standard V and I system for each data set are given in the corresponding panel. In Table 2 we report the V and I photometry for all RRL stars inour FoV. The full table is published in electronic format, although we include a small portion of it the printed version.
The RR Lyrae stars
The resulting light curves of the RR Lyrae stars combining the observations from the runs in the three sites are shown in Figs. 2 and 3. The zero points for CASLEO and LC match very well. For BA however we found small drifts that vary from star to star. With the aim of using all data to refine the period, we applied these drifts and then the light curves were phased with the new resulting periods listed in column 9 of Table 3 . We also report itensity-weighted mean V and I magnitudes, amplitudes and equatorial coordinates for all the RR Lyrae stars. For comparison we also include the periods recently reported by Smo17.
The reddening of NGC 6362 from its RRab stars
Using the fact that RRab stars have nearly the same intrinsic colour (B − V) 0 at minimum light (Sturch 1966) , one can calculate the individual reddenings of these stars, which can provide a good average of the cluster reddening or to reveal the presence of differential reddening. The (V − I) 0 at minimum has been calibrated by Guldenschuh et al. (2005) as (V − I) 0,min = 0.58 ± 0.02. We have adopted this value and the minimum (V − I) from our observations to estimate E(V − I) for each RRab with a well defined minimum. This was converted to E(B − V) through the ratio E(V − I)/E(B − V) = 1.259 derived from Schlegel et al. (1998) . From 15 RRab stars we find an average of E(B − V) = 0.063 ± 0.024. The scatter is small and shows no signs of differential reddening, hence, we shall adopt this value for the determination of the distance to NGC 6362 via the several approaches described in § 5. The above reddening calculation can be compared with previous estimations such as 0.10 (Olech et al. 2001) , 0.06±0.03 (Piotto et al. 1999 ) and 0.08 (Brocato et al. 1999 corresponding Fourier parameters. By doing it on a homogeneous basis, i.e. using the same semi-empirical calibrations and zero points for a family of globular clusters of both Oosterhoff types, OoI and OoII, an independent insight on the metallicity dependence of the horizontal branch (HB) luminosity, i.e.,the familiar M V -[Fe/H] relation can be obtained. Such approach has been applied by Arellano Ferro et al. (2017) to a group of 23 globular clusters. While preliminary results for NGC 6362 were included in that paper, in the present work we publish the specific values of the Fourier parameters and the individual physical parameters for a carefully selected sample of stable RRab stars and RRc stars in the cluster, according to the accurate photometry of Smo17.
Although the procedure and the employed calibrations have been described in detail by Arellano Ferro et al. (2017) and in several papers cited there, for completeness we include here the fundamentals.
The form of the Fourier representation of a given light curve is:
where m(t) is the magnitude at time t, P is the period, and E is the epoch. A linear minimization routine is used to derive the best fit values of the amplitudes A k and phases φ k of the sinusoidal components. From the amplitudes and phases of the harmonics in Eq. 1, the Fourier parameters, defined as φ i j = jφ i − iφ j , and R i j = A i /A j , are computed.
Since some of the calibrations and zero points employed in this work towards the calculation of stellar physical quantities differ from the ones used in the previous Fourier decomposition analysis for the RR Lyrae stars in NGC 6362 Olech et al. (2001) , below we explicitly list the calibrations we used:
given by Jurcsik & Kovacs (1996) and Kovács & Walker (2001) , respectively. The standard deviations of the above calibrations are 0.14 dex (Jurcsik 1998 ) and 0.04 mag, respectively. In eq. 3 we have used K=0.41 (see the discussion in Section 4.2 of Arellano Ferro et al. (2010)). Eq. 2 is applicable to RRab stars with a deviation parameter D m , defined by Jurcsik & Kovacs (1996) and Kovacs & Kanbur (1998) , not exceeding an upper limit. These authors suggest D m ≤ 3.0. The D m is listed in column 11 of Table 4 , where it is obvious that the five stable RRab stars have light curves consistent with the calibration of eq. 2. For the RRc stars we employ the calibrations:
given by Morgan et al. (2007) and Kovács (1998) , respectively. For eq. 5 the zero point was reduced to 1.061 mag to make the luminosities of the RRc consistent with the distance modulus of 18.5 mag for the LMC (see discussions by Cacciari et al. (2005) and Arellano Ferro et al. (2010) ). The original zero point given by Kovács (1998) is 1.261. When necessary, the coefficients were transformed from cosine series phases into the sine series via the relation φ The values of A 0 , in V and I, for all the RRL stars in NGC 6362 are given in Table 3 as the intensity weighted quantities < V > and < I >. However, several of these stars have been identified as Blazhko variables or double mode pulsators (Smo17), hence we have limited the Fourier decomposition, for the purpose of physical parameters determination, to those stars proven to be stable in the time scale of the analysis of Smo17. Clearly, the light curves of Smo17 are more dense and much better covered than ours in Figs. 2 and 3 , since their time-base is much longer. Hence, we decided to Fourier decompose the light curves from Smo17 for the rather stable stars (i.e. the RRc stars V11, V14, V15, V21, V22 and V23, and the RRab stars V2, V16, V19, V25 and V26). The Fourier decomposition parameters for these stars and their corresponding physical parameters are listed in Tables 4 and 5 respectively. The absolute magnitude M V was converted into luminosity with log(L/L ) = −0.4 (M V − M bol + BC). The bolometric correction was calculated using the formula BC = 0.06 [Fe/H] ZW + 0.06 given by Sandage & Cacciari (1990) . We adopted M bol = 4.75 mag. For the distance calculation, and given that there are no signs of differential reddening for NGC 6362, we have adopted E(B − V) = 0.063 (see The value of [Fe/H] UV ES obtained above can be compared with independent determinations of the metallicity of the cluster that can be found in the literature. The value given in the catalogue of globular cluster parameters of Harris (1996) terminations from ESO/FLAMES spectra were obtained by Mucciarelli et al. (2016) and Massari et al. (2017) and obtained [Fe/H]= −1.09 ± 0.01 and −1.07 ± 0.01 respectively. Thus, our results are in very good agreement with recent spectroscopic estimations.
The Color-Magnitude Diagram
The color-magnitude diagram (CMD) in Fig. 4 was built using the magnitude weighted means of V and V − I for the 12245 stars in the field or our reference image from the run in Las Campanas. Variable stars are labelled and plotted using their intensity-weighted means < V > and < V > − < I > calculated from the light curves in Figs. 2 and 3 and listed in Table 3 . All symbols and colours are explained in the caption of the figure. For the age of the cluster we adopted 12.1 Gyr from the differential age determination of De Angeli et al. (2005) . The isochrone and zahb model are from VandenBerg et al. (2014) and are shifted to the average distance modulus found from the RRL stars.
Bailey diagram and Oosterhoff type
The log P vs Amplitude diagram, also known as the Bailey diagram, is a useful tool because it is a good discriminator between OoI and OoII clusters, the RRab and RRc stars are well separated and hence their classification is confirmed, and RRab stars of advanced evolution can be identified. Fig.   5 shows the diagram resulting from the data listed in Table  3 . The full amplitudes were measured on the light curves of Figs. 2 and 3, except in those cases were we missed the maximum or minimum. In these cases we estimated the full amplitude from the curves of Smo17. When amplitude modulations are evident, the maximum observed amplitude was taken. The distribution of the RR Lyrae stars in the diagram confirms NGC 6362 to be of the OoI type. Some outstanding stars deserve a comment. According to Cacciari et al. (2005) , RRab stars closer to the dashed sequence are more evolved. V12, V13, V20 and V30 are therefore good candidates to be ahead in their evolution towards the AGB. These four stars have Blazhko modulations (Smo17). In the amplification of the HB star in Fig.7 they are among the most luminous RRab stars. Conversely the luminous V18 and V29 do not show signs of being more evolved. 
The SX Phoenicis stars in NGC 6362
There are six SX Phe stars identified in NGC 6362. They are listed in Table 6 along with their intensity weighted magnitude, periods, pulsating mode, equatorial coordinates and the discovering paper. The pulsating modes were assigned from the position of the star on the log P-V and the P-L relation of Cohen & Sarajedini (2012) shifted to the predicted distance.
We have identified a new SX Phe in the field of our images in NGC 6362. In the CMD the star falls in an odd position for a member SX Phe (red cross in Fig. 4) . The star is at least 2 magnitudes brighter than the SX Phe in the cluster, thus it must be a foreground object. Therefore, we refrain from assigning a sequential variable number to the star and identify it as SXf1. The light curves in our V and I photometry phased with a period of 0.07949d is shown in Fig. A3 in appendix A.
The Distance to NGC 6362
The distance to NGC 6362 has been estimated from four independent approaches as described in the following sections.
From the RR Lyrae stars
To estimate the distance to NGC 6362 from the RR Lyrae stars we have converted the individual values of M V in Table  5 We applied these relations to the 34 RR Lyrae stars in Table  3 , and found a distance of 7.85±0.37 kpc.
From the SX Phe stars
We have calculated the predicted distance to each SX Phe star, by the P-L relation of Cohen & Sarajedini (2012) , taking the periods and pulsating modes listed in Table 6 and assuming E(B − V)=0.063 for the six cluster members. The average distance is 8.07 ± 0.44 kpc, in excellent agreement with distance from the RR Lyrae stars. In Fig.6 we show the distribution of SX Phe stars in the log P-V plane, where the P-L relation of Cohen & Sarajedini (2012) for the fundamental mode, shifted to the above distance, is displayed. The corresponding first overtone relation was placed assuming a first overtone to fundamental period ratio of P1/P0=0.783 (Santolamazza et al. 2001 ).
Comments on the tip of the red giant branch method
The luminosity of the true tip of the RGB can in principle be used to estimate the distance to globular clusters. The method, originally developed to estimate distances to nearby galaxies (Lee et al. 1993) , has been used to corroborate the theoretical constrains that particle-physics may impose on the extension of the RGB in globular clusters, by comparing the predicted distance by the most luminous RGB with the results rendered by the RR Lyrae and SX Phe. Consistency between theoretical predictions and empirical calculations has been found by for NGC 6229 Arellano Ferro et al. (2015) , for M5 Arellano Ferro et al. (2016) and for NGC 6934 Yepez et al. (2017) . In brief, the bolometric absolute magnitude of the tip of the RGB was calibrated by Salaris & Cassisi (1997) as: (1993) . Viaux et al. (2013) argued that the neutrino magnetic dipole moment enhances the plasma decay process, postpones helium ignition in low-mass stars, and extends the red giant branch in globular clusters. Hence, the true TRGB may be a bit brighter than the brightest observed stars by an amount between 0.04 and 0.16 mag. For the case of NGC 6362, applying the largest correction of 0.16 mag, the method produces an absurdly large distance. We note that the separation between the Horizontal Branch (HB) and the brightest stars in the RGB in the above mentioned clusters, is about 3.3 and 4.0 mag in V and I respectively, while in NGC 6362 it is only about 2.3 and 3.5 mag (see also the CMD in Brocato et al. (1999) ). The predicted M tip bol by eq. 6 for the metallicity and reddening of NGC 6362 is -3.819 mag, and a correction of between 0.5 and 1.0 mag. would be necessary to bring the distance to about 8.0 kpc as calculated from the RR Lyrae and SX Phe stars. Such correction is way out of the theoretical expectations. The method fails for NGC 6362. We do not really have an explanation for this but, it should be noted that the population of the RGB in this cluster is meager, that those stars at the tip of the RGB could rather be AGB stars, and that this is a much more metal rich cluster compared with those tested before.
The horizontal branch of NGC 6362
The neat splitting of RRc and RRab stars is clear in Fig. 7 . This is significant given that, while the mode splitting has been found in all studied Oo II type clusters (nine so far) (Yepez et al. (2017) ), it has been observed only some Oo I (three out of seven so far). Fig. 8 , which is an updated version of Fig. 16 of Yepez et al. (2017) , shows in the HB structure parameter L vs [Fe/H] plane, the segregated clusters (black-rimmed symbols) and the non-segregated ones. NGC 6362 is now the third OoI cluster where we find the clean mode segregation, limited by the red edge of the first overtone instability strip. The other examples are NGC 6229 Arellano Ferro et al. (2015) and NGC 6171 (Deras et al. 2018, in preparation) . It has been discussed by Yepez et al. (2017) that the mode segregation versus the mingled mode distribution in the inter-mode or "either-or" region may be a consequence of the mass loss rates involved during the He flashes, and hence the resulting mass distribution on the ZAHB, which in turn controls the mode population of the inter-mode region (Caputo et al. 1978) . It is remarkable that all metal-poor and older OoII type clusters do show the mode segregation.
Summary
In the present paper we publish new time-series CCD VI photometry of the variable stars in the globular cluster NGC 6362. Via the Fourier decomposition of the RR Lyrae stars we estimated the mean [Fe/H] UV ES as −1.066 ± 0.126 and −1.08±0.16 and the distance 7.93±0.32 and 8.02±0.15 kpc from the RRab and RRc stars respectively. The reddening E(B − V) = 0.063 ± 0.024 was calculated using the intrinsic colour (V − I) 0 at minimum colour level for 15 RRab stars. These results agree very well with previous determinations found in the literature. Cacciari et al. (2005) . The black parabola was obtained by Kunder et al. (2013a) from 14 OoII clusters. The red parabolas were calculated by Arellano Ferro et al. (2015) from a sample of RRc stars in five OoI clusters and avoiding Blazhko variables. In the bottom panel the black segmented locus was found by Arellano Arellano Ferro et al. (2013) for the OoII clusters NGC 5024 and NGC 6333 respectively. The blue loci are from Kunder et al. (2013b) . See § 3.4 for a discussion.
Our resulting CMD and the above parameters are in excelent agreement with models of the zero-age horizontal branch and the isochrone for 12.1 Gyr from the VictoriaRegina stellar models of VandenBerg et al. (2014) .
Employing the P-L relationship of Cohen & Sarajedini (2012) for four fundamental mode and two first overtone SX Phe stars, an average distance of 8.07 ± 0.44 kpc was found, consistent with the results from the RR Lyrae stars.
We found a new SX Phe in the field of our images that seems to be a foreground star. Fig. 6 The relation between period and luminosity for the SX Phe in NGC 6362. Black and red lines correspond to the P-L relation of Cohen & Sarajedini (2012) for the fundamental and first overtone respectively, shifted to a distance of 8.07 ± 0.44 kpc. Segmented lines correspond to zero-point uncertainty of the P-L relationship. The pulsating mode assignation to each star correspond to their position relative mode loci. The distribution of the RRL stars in the HB and the Period-Amplitude diagram for this cluster reveal the presence of four RRab stars (V12, V13, V20 and V30) likely to be advanced in their evolution towards the AGB. If this is the case, as they evolve towards the red, they should display a positive secular period variation; a study yet to be performed. The fundamental and first overtone RRL stars, independently of whether they have Blazhko modulations and/or two excited pulsation modes, are neatly segregated around the red edge of the first overtone instability strip, which is a characteristic in OoII type clusters but only in some of the OoI clusters studied thus far. Fig. 8 The HB structure parameter L vs. metallicity. The black-rimmed symbols represent globular clusters where the fundamental and first overtone modes are well segregated around the first overtone red edge of the instability strip, as opposed to filled non-rimmed symbols. Empty symbols are clusters not studied by our group.
A Comments on individual variables A.1 V18
This star presents amplitude modulations and has been considered as a Blazhko variable by Olech et al. (2001) and Smo17. It appears as the most luminous and reddest RRab in the CMD of Fig. 4 . The light curve in the I-band is of low amplitude and anomalously bright, hence the red position of the star, but no suggestion of advanced evolution is found from its position in the log P-Amplitude diagram.
A.2 V37
This variable was identified by Olech et al. (2001) as a double mode pulsator with one mode being non-radial. The star has been reconsidered by Smo17 and they identified the two modes, being at least one of them non-radial. On the basis of the light curve shape and amplitudes of the two modes, they postulate that the star is not a typical RRc but a beating variable of a new type. The light curve from our data is shown in Fig. A1 and, although less dense, it is similar and consistent with the light curves shown by Olech et al. (2001) and Smo17. We would like to note however, that the star is not isolated but that a very close neighbour is present at only 2.65 arc seconds to the SE from V37. In Fig. A2 we show this pair in the reference images of our CASLEO observations, of rather high seeing, and SWOPE with much better seeing conditions. Even under better conditions, in the SWOPE detector it is difficult to isolate and measure the two stars individually. Thus, contamination of V37 from the flux of the neighbour is most likely present in the photometry of previous and present studies. We have examined all differential images by blinking them along with the reference images and found that the star at the NW, i.e. that labelled V37, is variable and got some hint that star at the SE may also exhibit some variations, although this is not a firm conclusion given the blending conditions of the pair. If this proves to be true, then at least part of the observed modulations might be an artifact. A confirmation of the double mode nature and properties of V37 with a wider scale telescope is highly desired.
In the CMD (e.g. Fig. 7 ), V37 is near the hot edge of the first overtone instability strip although its colour has certainly been altered by the presence of the close neighbour. In the Log PAmplitude diagram it mingles well among the RRc stars and falls, as expected, near the predicted locus for the first overtones.
A.3 SXf1
The light curve of this star shows clear sinusoidal variations (Fig.  A3 ) of small amplitude and a period of 0.07949 d, typical of SX Phe stars. The star lies at the HB level, i.e. some 2 magnitudes brighter, although of similar colour, than the SX Phe cluster members. Therefore, we classify it as a foreground field SX Phe star.
B Identification chart
All the known variables in the field of our images are identified in charts B1 and B2. Kałużny et al. (2014) provided identification charts and RA and Dec coordinates, for all the variables stars in their study. We noted however that some coordinates did not correspond to their identification. M. Rozyczka (private comm.) pointed out that the coordinates of V42, V45, V49, V53-V58, V60, V63, V37 charts in the reference images from CASLEO (left) and from SWOPE (right).
and V75-V77 are in fact incorrect in their Table 1 , and kindly provided the correct coordinates. Aiming to clarify the identifications of these stars, in Table B1 we list the correct coordinates, which are consistent with the identifications in the charts of Fig. B1 and B2. The colour code is as in Fig. B1 .
